Introduction cw generation of picosecond pulses from lasers which are synchronously pumped by acti y mode-locked noble gas ion lasers has received considerable attent in past few rs.
( 1 ) In such a scheme, an acousto-optically mode-locked cw ion laser (pulse width of~ 100 pSec) externally pumps a laser whose cavity length is matched to (or one-ha1f( 6 )) the cavity length of the pump laser.
When the lengths of the two cavities are optimally matched (to within a few wm), picosecond pulses are genera Such pulses have considerably higher average power and wider tuning range than those obtained (8) from cw-pumped passively mode-locked dye laser systems.
In this letter we present preliminary results of the reciprocal passive mode-locking, by an intracavity Rhodamine 6G (R6G) dye laser, 0 + of the 5145 A line of an Ar laser. This mode-locked line, in turn, synchronously mode-locks the dye laser generating tunable ultrashort pulses of duration and average power comparable to those obtained from synchronously mode-locked systems" Our approach, therefore, elimina the need for actively mode-locking the pump laser with an acousto-optic modulator driven by the amplified output of a stable oscillator" Furthermore, we observe that the pulse width appears not to be too critically dependent on the mismatch of the two cavities.
The Reciprocal Mode-Locking Scheme is not short enough to induce mode-locking. When M 5 is misaligned such that R6G is not lasing~ it is observed that the Ar+ intracavity intensity is strongly modulated but not completely mode-locked. On the other hand, when M 5 is aligned to allow R6G to lase, short-pulsed Stable pulses of shortest duration were generally observed near threshold operation of the Ar+ laser. and when the two focused beams were somewhat noncol1inear in the dye jet (as deduced from the relative displacement of the two spots on M 2 ). We also note that the pulses tended to shorten as the dye concentration and IAr were increased.
A T = 10% partial transmitter was also used but yielded considerably longer pulses (~50 pSec). Even though. as in the case of synchronously-pumped mode-locked dye lasers( 5 ), it might be expected that higher linear losses would force the dye laser pulses to shorten § in our configuration this effect is counterbalanced by the strong interdependence of the Ar+ and the dye laser pulses : The higher the intracavity dye laser pulse energy (smaller linear losses) the better mode locked are the Ar+ pulses (and correspondingly the dye pulses).
The dependence of the pulse width on the cavity mismatch parameter L = Lo -L 0 opt where Lgpt is the optimum dye laser cavity length which is~ l/2 LAr• is shown in Fig. 4 shortest stable pulses are generated. For 6<0, the dye laser pulse will tend to overlap with Ar+ pulse~ hence it rapidly increases in duration as a function of decreasing 6. Clearly, since the net gain in the cavity is not high, the forward displacement of the pulse per round-trip can only be a small fraction of the pulse width, and conversely, the pulse width must be considerably larger than 6/c.
Therefore, for 6>0 , the pulse width must increase to conserve the pulse shape at each cavity round-trip. While in synchronously-+ pumped mode-locked systems the Ar laser tion rate is xed, in the present method the Ar+ and dye pulses are locked in time in the sense that a net delay of the dye laser pulse causes a similar displacement of the Ar+ pulse. Consequently, relatively large displacements of a short pulse per round-trip can be dynamically compensated for, with the pulse shape and stability being maintained pulse width was 5 pSec. assuming sech 2 pulse shape (Fig, 5) . The average power and tuning range were similar to those described above.
However, the peak power was lower due to the higher repetition rate.
Conclusions
The reciprocal synchronous passive mode-locking of an Ar+ laser and a R6G dye laser is reported. Even though the presently generated pulse widths are somewhat longer than those obtained from conventional synchronously-pumped mode-locked dye lasers, our approach has several advantages. First, the active mode-locking of the pump laser is eliminated. Second, our preliminary results indicate that the optimum pulse duration may not be critically dependent on the cavity mismatch parameter. Finally, since mode-locking was achieved at small values of linear cavity losses, cavity dumping techniques can be readily incorporated into this system. 
